the inherent lytic rate of cross-linked and non-cross-linked clots. To investigate this, a fibrin-plate techique was used in which small equal volumes of haemoglobin solution were spotted on to the plates instead ofthestreptokinase solution,and therateof diffusion of the haemoglobin into the plates was estimated. Yet again this was unaffected by crosslinking, and, since streptokinase has an appreciably smaller molecular weight than haemoglobin, this too can be assumed to diffuse equally rapidly in cross-linked or noncross-linked fibrin.
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These results show that Factor XIII-induced cross-linking of fibrin clots has no significant effect on the lysis time of whole clots formed from a fibrinogen preparation. They suggest that such cross-linking is not directly related to resistance of blood clots to fibrinolysis. Thus the significance of Factor XI11 to haemostasis is in need of reconsideration. For the first dimension, electrophoresis was from left to right in the absence of antibody; for the second dimension, electrophoresis was from bottom to top (at 90" to first dimension) through agarose containing antibody to Factor VIII-related antigen. V and H are respectively vertical and horizontal axes drawn through the origin, and C is avertical line drawn between the highest point of the precipitin arc and line H. The distances d l , p and d2 are measured from the origin in mm.
VOl. 5 BIOCHEMICAL SOCIETY TRANSACTIONS
Changes in electrophoretic mobility of Factor VIII-related antigen were studied by crossed (two-dimensional) immunoelectrophoresis (Ganrot, 1972) . Because the precipitate had a heterogeneous electrophoretic mobility, the results were analysed by arbitrarily dividing the precipitin arcs into three components, and measuring and recording the migration distances of these components (Fig. 1) . The measurements d,, p and dz reflect the relative amounts of antigen with slow, intermediate and fast mobilities respectively .
The mobility of Factor VIII-related antigen in therapeutic concentrates of Factor VIII was faster than that in plasma of normal individuals and haemophilic patients. When different proportions of slow and fast antigen were mixed in vitro, the result was a complex mixture of antigenic species with a range of electrophoretic mobilities intermediate to those of the two starting antigens ( Table 1 ). The relatively poor resolving power of this electrophoretic system does not permit an accurate estimate of the amounts of molecules with different mobilities, but it seems clear that molecules with a wide range of intermediate mobilities comprise a substantial proportion of the total.
It has been reported that plasma Factor VIII-related antigen can be fractionated by gel filtration into populations with different electrophoretic mobilities (Zimmerman et al., 1975) . We have confirmed these results and carried out mixing experiments with the separated fractions. Electrophoretic analysis of fractions separated on a Sepharose 4B gel column showed that Factor VIII-related antigen was first detected at 1.03 void volumes (1.03 Vo), reached a maximum concentration between 1.10 Vo and I .20 Vo, and could still be easily detected beyond 1.39 Vo. This broad and asymmetrical elution pattern suggests a wide range of apparent molecular weights. Antigen eluted in the earlier fractions had a slower electrophoretic mobility than that eluted in the later fractions. An attempt to produce forms with intermediate electrophoretic mobilities was carried out by mixing equal volumes of fractions 1.09 Vo and 1.32 Vo and examining the electrophoretic mobility of the antigen. The results are given as the mobility distances d l , p and dz respectively: (1) fraction 1.09 Vo alone, 5, 9 and IOmm; (2) fraction 1.32 Vo alone, 9, 12 and 13mm; (3) fractions 1.09 Vo plus 1.32 Vo, 7, 9 and I 1 mm.
These results show that, when two electrophoretically different forms of Factor VIIIrelated antigen are mixed together, new formsappearwithelectrophoreticmobilities intermediate between those of the two parental forms. These new forms are called hybrids. The occurrence of hybridization strongly implies that the protein in question has a quaternary structure consisting of non-covalently linked components called subunits (Klotz et al., 1975) .
We have considered explanations other than hybridization which might explain the changes in electrophoretic mobility that we have described. The first is that the Two other explanations are the presence of proteolytic enzymes or of non-enzymic ligands in one fraction which affect the properties of the second fraction on mixing; these types of agents should result in the conversion of one form into the other, e.g. slow into fast, rather than a mutual effect of one form on the other. Thus we think that hybridization provides the most satisfactory explanation. It is noteworthy that the formation of hybrids of Factor VIII-related antigen occurs spontaneously and does not require exposure t o dissociating solvents, high temperature o r a high ionic strength, one or more of which are generally necessary for the production of hybrid forms of other proteins.
In the present system, equilibrium appears to be reached within 2 h (the time required for electrophoresis in the first dimension) and once reached it appears t o remain stable for at least 24h. These findings suggest that the normal oligomeric form of Factor VIIIrelated antigen exists in equilibrium with a relatively small pool of partially and/or completely dissociated subunits, that the rate of exchange between these subunits is relatively fast, and that the equilibrium strongly favours the associated oligomer.
We d o not know whether this proposed oligomer-subunit equilibrium is related t o the haemostatic function(s) of Factor VIII-related antigen. The specific uptake of plasminogen into thrombi has been proposed as an important feature in the natural mechanism of thrombolysis. Plasminogen activators are thought to diffuse into a thrombus, activate the plasminogen to plasmin, and so affect thrombolysis from within the structure of the clot (Alkjaersig et al., 1959) . However, although widely held, this hypothesis has not been supported by all investigators, some of whom have shown that plasma and serum concentrations of plasminogen are identical and that significant quantities of plasminogen cannot be extracted from experimentally induced thrombi (Hedner et al., 1966; Ogston et al., 1966) .
The activation of the pro-enzyme plasminogen (mol.wt. 90000) to plasmin (mol.wt. 84000) was shown to proceed in two stages, the first being the loss of a n N-terminal peptide with the formation of a plasminogen intermediate (mol.wt 84000) before the formation of plasmin (Walther et al., 1974) . This plasminogen intermediate has been shown to have a much higher affinity for fibrin than does the native pro-enzyme (Thorsen, 1975) . These observations are now extended to include plasmin and some streptokinaseplasminogen activators.
Plastninogen and plasmin
Intermediate plasminogen (Choay Laboratories, Paris), shown to have a mol.wt. of 84000 by sodium dodecyl sulphate/polyacrylamide-gel electrophoresis, was labelled with Iz51 by the method described by Helmkampf et al. (1960) ; samples of this plasminogen were converted into plasmin with urokinase, then inhibited with the irreversible inhibitor p-nitrophenyl p-guanidinobenzoate.
